Abstract With the failure of so many pre-clinical stroke studies to translate into the clinic, there is a need to find new therapeutics to minimize the extent of cellular damage and aid in functional recovery. Domain V (DV), the c-terminal protein fragment of the vascular basement membrane component, perlecan, was recently shown to afford significant protection in multiple transient middle cerebral artery occlusion stroke models. We sought here to determine whether DV might have similar therapeutic properties in a focal photothrombosis stroke model in both young and aged mice. Young (3-month old) and aged (24-month old) m ice underwent photothrombotic stroke to the motor cortex and were then treated with DVor phosphate buffered saline vehicle at different initial time points up to 7 days. Stroke volume was analyzed histologically using cresyl violet and functional recovery assessed behaviorally on both the grid-walking and cylinder tasks. In young mice, DV administration resulted in a significant decrease in infarct volume when treatment started 3 or 6 h post-stroke. In aged mice, DV administration was only protective when started 3 h post-stroke. In addition to a decrease in the area of infarction, DV treatment was effective in significantly decreasing the number of foot-faults on the grid-walking task and improving use of the stroke-affected limb in the cylinder task in both young and aged. Previously, we have shown that DV can alter the expression profile of various astroglial markers. Consistent with our previous finding, treatment groups that showed therapeutic potential in both young and aged mice also showed an elevation in glial fibrillary acidic protein (GFAP) expression in peri-infarct regions. We conclude that DV is neuroprotective and affords significant improvements in functional recovery in both young and aged mice after focal ischemia. These data also highlight a therapeutic time-window shift that is narrower in aged compared with young mice and is associated with an elevation in GFAP expression and heightened astrogliosis.
Introduction
Despite decades of active research, stroke remains a significant cause of mortality and profound morbidity. The vast majority of strokes are ischemic, generating a core of rapid cell death surrounded by a region of tissue known as the "penumbral region" that remains at-risk [21, 22] . Within hours to days after an ischemic event, the brain begins to initiate processes associated with self-repair, including angiogenesis, neurogenesis, and axonal sprouting [8, 24] . However, the initiation of these self-repair mechanisms is limited and, without any form of intervention, are not enough to overcome the stroke-induced impairments and loss of functions. Others and we have previously hypothesized that changes in the neurovascular niche could be exploited therapeutically and in turn limited the extent of cell death and facilitate functional recovery [19] . However, such a neurorepair approach to stroke therapy is rife with difficulties, including the problem that many potential reparative therapies might also enhance injury. An example of this is vascular endothelial growth factor (VEGF), which may further destabilize the blood-brain barrier, promote brain edema, and enhance hemorrhagic transformation and brain infarct size when administered acutely [32] but is neuroprotective and enhances angiogenesis and neurogenesis when given chronically [17, 29] . One solution is to develop a stroke therapy that has both neuroprotective and neuroreparative properties.
We have recently demonstrated that domain V (DV), a proteolytic c-terminal fragment of the vascular basement membrane component, perlecan, is rapidly generated (within 24 h) and persistently elevated (for at least 15 days) after transient focal cerebral ischemia in both young mice and rats and, when deficient, results in larger ischemic infarcts. This suggested to us that it may play a role in post-stroke brain recovery that could be therapeutically exploited [19] . To that end, we have demonstrated that systemically administered DV following focal ischemia in young mice and rats homed to ischemic brain regions, crossed the blood-brain barrier and was neuroprotective and pro-angiogenic and lead to improved motor recovery [19] . We further demonstrated that DV accomplished this by binding to brain endothelial cell alpha5beta1 integrin resulting in the production of VEGF [19] . Additional studies have demonstrated further beneficial effects of DV after transient focal ischemia in young mice; it acutely (within the first several days after focal ischemia) increases peri-infarct glial activation to contain and limit the spread of the infarct and chronically decreases glial scar formation, which would otherwise serve as a barrier to post-stroke brain repair [1] .
The present study was undertaken to further examine the protective effects of DV. As not all strokes result in reperfusion, we chose to assess histological and functional outcomes following DV administration in the mouse photothrombosis stroke model in both young and aged animals. We demonstrate that administration of DV following focal ischemia is protective and increases peri-infarct astrogliosis in both young and aged mice. Furthermore, this protection extends to improved recovery of motor functions in both age groups, however, with varying temporal windows to be able to afford protection. These data add further support for the potential therapeutic benefit of DV following an ischemic event.
Methods

Animals
Male C57BL/6 mice (28-32 g) were housed under a 12-h light/dark cycle with ad libitum access to food and water. The University of Otago Animal Research Committee approved all protocols.
DV Protein Production
Human DV was cloned, expressed, purified, and assessed for purity as previously described [19] .
Photothrombosis
Focal stroke was induced by photothrombosis as previously described [12] [13] [14] using both young (2-3-month old) and aged (24-month old) C57BL/6 male mice. In brief, under isoflurane anesthesia (2-2.5 % in a 70 % N 2 0/30 % O 2 mixture), mice were placed in a stereotaxic apparatus, the skull exposed, and with a cold light source (KL1500 LCD, Zeiss) attached to a ×40 objective giving a 2 mm diameter illumination positioned 1.5 mm lateral from Bregma. Rose Bengal solution, 0.2 mL (Sigma; 10 g/L in normal saline), was administered intraperitoneally (IP). After 5 min, the brain was illuminated for 15 min. Animals returned to their normal housing conditions. Body temperature was maintained at 36.9±0.4°C with a heating pad throughout the operation. After stroke, mice were treated with an initial IP administered dose of DV (2 mg/kg) or phosphate buffered saline (PBS) vehicle at various time points (3, 6, 12, or 24 h for young animals and 3 or 6 h for aged animals) and then on days 1, 2, 4, and 6 post-stroke.
Behavioral Assessment
Animals were tested once on both the grid-walking and cylinder tasks 1 week prior to surgery to establish baseline performance levels. For all of the studies, animals were tested 1 week post-stroke at approximately the same time each day at the end of their dark cycle prior to sacrificing the animals for histological assessment. Behaviors were scored by observers who were blind to the treatment group of the animals in the study as previously described [12] [13] [14] . An n=7 animals per group were assessed on all behavioral tasks.
Grid-Walking Task
Mice were run one trial per day at approximately the same time each day. The grid-walking apparatus was manufactured as previously described by Baskin [2] , using 12 mm square wire mesh with a grid area 32 /20/50 cm (length/width/height). A mirror was placed beneath the apparatus to allow video footage in order to assess the animals' stepping errors (i.e., 'footfaults'). Each mouse was placed individually atop of the elevated wire grid and allowed to freely walk for a period of 5 min (measured in real time by stopwatch and confirmed afterward by reviewing videotape footage). During this 5-min period, the total number of footfaults for each limb along with the total number of non-footfault steps were counted and a ratio between footfaults and total steps taken calculated. Percent footfaults were calculated by: [#footfaults/(#footfaults+#non-footfault steps)×100]. A ratio between footfaults and total steps taken was used to take into account differences in the degree of locomotion between animals and trials. A step was considered a footfault if it was not providing support and the foot went through the grid hole. Furthermore, if an animal was resting with the grid at the level of the wrist, this was also considered a fault. If the grid was anywhere forward of the wrist area, then this was considered a normal step.
Spontaneous Forelimb Task (Cylinder Task)
The spontaneous forelimb task encourages the use of forelimbs for vertical wall exploration/press in a cylinder [28] . When placed in a cylinder, the animal rears to a standing position, whilst supporting its weight with either one or both of its forelimbs on the side of the cylinder wall. As described previously by Schallert and colleagues (2000) [28] , for rats, animals were placed inside a Plexiglas cylinder and videotaped for 5 min. To adjust for mice (from a rat model), a smaller cylinder 15 cm in height with a diameter of 10 cm was used [2] . Videotape footage of animals in the cylinder was evaluated quantitatively in order to determine forelimb preference during vertical exploratory movements. While the video footage was played in slow motion (1/5th real time speed), the time (seconds) during each rear that each animal spent on either the right forelimb, the left forelimb, or on both forelimbs were calculated. Only rears in which both forelimbs could be clearly seen were timed. From these three measures, the total amount of time spent on either limb independently as well as the time the animal spent rearing using both limbs was derived. The percentage of time spent on each limb was calculated, and these data were used to derive an SFL asymmetry index (% ipsilateral use/% contralateral use). The "contact time" method of examining the behavior was chosen over the "contact placement" method, as described by Schallert and colleagues (2000) [28] , as it takes into account the slips that often occur during a bilateral wall press post-stroke.
Infarct Size
For the histological assessment of infarct size, brains were processed 1 week after stroke and sections stained using cresyl violet as previously described [12, 14] . An n=5 animals (for young) and n=7 animals (for aged) per group were used for histological assessments.
Immunohistochemical Assessment
Animals were anesthetized with sodium pentobarbital (3 mg/100 μl, IP) and transcardially perfused with 4 % paraformaldehyde in 0.1 m phosphate buffer (pH 7.6). The brains were removed, post-fixed in the same fixative for 60 min, and then transferred to a 30 % sucrose/Tris-buffered saline (TBS, 0.2 m Tris, 0.15 m sodium chloride) solution overnight. The next day, brains were frozen on the stage of a sliding microtome, and three sets of 40 μm thick coronal sections were cut (each section was separated by 120 μm).
Immunocytochemistry was performed for glial fibrillary acidic protein (GFAP) to assess the effects of DVon glial scar formation. Briefly, sections were washed thoroughly in TBS and incubated for 48 h at 4°C in the polyclonal chicken anti-GFAP (dilution 1:2,000; Millipore, USA) in TBS containing 0.3 % Triton X-100 and 0.25 % bovine serum albumin (hereafter, referred to as incubation solution) containing 2 % normal donkey serum. Sections were then washed three times in TBS (10 min per wash) before being incubated in a donkey anti-chicken 549 secondary antibody (Jackson Immunoresearch, USA) at a dilution of 1:400 in incubation solution for 90 min at room temperature. After subsequent washing in TBS, sections were mounted onto gelatin-coated glass slides, air-dried, passed sequentially through alcohols (50 %, 70 %, 95 %, and 100 %) before being passed through xylene, and then coverslipped using DPX mounting solution. Images of the glial scar (400 um from the stroke border) encompassing what is known as the peri-infarct region were taken on an Olympus BX51 microscope and fluorescent intensity measures taken using ImageJ analysis. Fluorescent intensity measure of the scar were normalized to background reading on the contralateral hemisphere and an average fluorescence obtained from three sections from n=5 animals. An observer, blind as to the treatment group, took the images and fluorescent intensity measurements.
Statistics
All data are expressed as mean±standard error of the mean. Differences between treatment groups were analyzed using two-way ANOVA and Newman-Keuls' multiple pair-wise comparisons for post hoc comparisons. Fluorescent intensity measures were analyzed using Student ttests. The level of significance was set at <0.05.
Results
Perlecan DV Decreases Stroke Infarct Volume in Young and Aged Mice
Previous studies have shown that perlecan DV can afford significant protection in multiple reperfusion models of stroke [19] . As not all strokes have a reperfusion component, we investigated the protective effects of perlecan DV in the focal photothrombosis model of stroke that has minimal reperfusion. Strokes were induced using a cold-light source positioned over the mouse motor cortex and shining the light through the intact skull for 15 min (Figs. 1 and 2 ). The area of damage affected by the stroke includes sensory forelimb and hindlimb as well as primary forelimb and hindlimb cortical areas [13] . After stroke, mice were treated with an initial IP administered dose of DV (2 mg/kg) or PBS vehicle at various time points (3, 6, 12, or 24 h for young animals and 3 or 6 h for aged animals) and then on days 1, 2, 4, and 6 post-stroke. Infarct volume was assessed in these animals 7 days after stroke ( Figs. 1 and 2 ). For young animals, a significant decrease in infarct volume was observed in animals that received DV treatment at either 3 or 6 h after stroke (vehicle, 2.36±0.08 mm 3 Behavioral assessment revealed an increase in the number of footfaults (both right forelimb and hindlimb) on the gridwalking test (Fig. 3a and b in young animals; Fig 4a and b in aged animals) and an increase in spontaneous forelimb asymmetry (decrease in relative time spent on the right forelimb) in the cylinder task (Figs. 3c and 4c , young and aged, respectively) 1 week post-stroke in both the young and aged animal groups. Young animals that were treated with DV showed a significant decrease in the number of forelimb footfaults when DV was given 3, 6 or 12 h after stroke (n=7 per group, P<0.001 for 3 h, P<0.01 for 6 h, P<0.01 for 12 h compared with vehicle-treated stroke controls). Assessment of hindlimb footfaults showed a significant decrease in the number of footfaults when DV treatment was initiated 3 and 6 h after stroke (n=7 per group, P<0.01 for both 3 and 6 h, compared with vehicle-treated stroke controls). Assessment of spontaneous forelimb asymmetry on the cylinder task revealed that DV treatment when started at either 3 or 6 h post-stroke resulted in improved use of the impaired right forelimb (n=7 per group, P<0.05 for 3, P<0.01 for 6 h, compared with vehicle-treated stroke controls).
Assessment of behavioral recovery in the aged animals revealed that treatment with DV afforded significant improvement in both forelimb and hindlimb function on the grid-walking task when treatment was started 3 h post-stroke (n=7 per group, P<0.01 for forelimb, P<0.05 for hindlimb, compared with vehicle-treated stroke controls). Assessment of spontaneous forelimb asymmetry in the aged mice showed that mice treated with DV 3 h after stroke had improved use of their right stroke-affected forelimb (n=7 per group, P<0.05 compared with vehicle-treated stroke controls).
DV Modulates GFAP Expression
Previous studies have shown that DV can actively modulate the expression of GFAP and contribute to the formation of the glial scar [1] . To confirm that similar changes in astrogliosis occur across stroke models in the presence of DV, we investigated the changes in GFAP expression within the peri-infarct region following focal ischemia in both Fig. 1 Histological assessment after stroke in young. Representative cresyl violet-stained sections were generated 7 days post-stroke from vehicle-treated young stroke control (a, 1) and Stroke+DV treatment starting from 3 h (a, 2), 6 h (a, 3), 12 h (a, 4), and 24 h (a, 5) after stroke. Daily IP administration of DV (2 mg/kg) resulted in a significant decrease in infarct volume when given from 3 or 6 h post-stroke. Tissue was collected and processed 7 days poststroke to quantify lesion size as shown in panel b. A n=5 per group was used. + = P < 0.05 and ++ = P < 0.01 compared with stroke+vehicle-treated controls young and aged mice. Immunohistochemical assessment of GFAP was carried out 7 days post-stroke. In vehicle-treated stroke controls, there is an increase in the level of GFAP expression when values were normalized to the contralateral hemisphere. DV-treated animals showed a significant increase in GFAP expression compared with vehicle-treated controls when DV was administered from either 3 or 6 h post-stroke (P<0.01 and P<0.05 for 3 and 6 h, respectively; Fig. 5b, (1) and c) . Administration of DV at either 12 or 24 h post-stroke failed to trigger an increase in GFAP expression compared with vehicle-treated controls. Assessment of GFAP expression in aged-stroke mice was also elevated in vehicle-treated controls. Of note, however, this increase was less than what was seen in vehicle-treated stroked young animals. DV-treatment similar to young resulted in a further increase in GFAP expression, however, this was only significant at the 3 h time point compared with vehicle treated stroke controls (P<0.05; Fig. 5b, (2) and d) . These data suggest that early DV treatment (3-6 h post-stroke) can afford significant protection by promoting astrogliosis and post-stroke scar formation.
Discussion
DV, an 85 kDa extracellular matrix protein fragment of the heparan sulfate proteoglycan, perlecan, has been demonstrated to modulate angiogenesis outside the brain [3, 4] . Angiogenic and astroglial responses play a critical role in mediating post-stroke brain repair. We previously investigated DV's therapeutic potential in transient MCAo stroke models in young adult mice and rats [19] and highlighted that perlecan deficiency had a negative consequence for infarct sizes, astrogliosis, and angiogenic response. We also demonstrated that systemic DV treatment was neuroprotective, pro-astrogliotic, pro-angiogenic and afforded substantial motor recovery [19] . In these studies, intraperitoneal administered DV was shown to be home to the area of brain injury and cross the stroke-disrupted blood-brain barrier (BBB) [19] . DV then induces neuroprotection by binding to the brain endothelial cell alpha5beta1 integrin receptor and via ERK-dependent intracellular signaling and triggers the production and release of VEGF from endothelial cells in stroked brain tissues [11, 19] . The mechanisms and involvement of VEGF in mediating neuroprotection associated with DV administration were confirmed by using the alpha5beta1 integrin blocking antibody or following intravenous injection of the VEGF receptor blocker PTK787/ZK 222584, prior to administration of DV [19] . Additionally, DV treatment after experimental stroke results in diminished apoptosis as determined by decreased TUNEL stain, caspase-3 immunohistochemistry, and improved cresyl violet neuronal morphology in the stroke-affected brains [19] .
However, nearly 90 % of all strokes happen in humans aged >65 years [30] . In addition, the elderly have a reduced capacity to recover from their impairments compared with younger stroke survivors [18] . Given these facts, most experimental stroke research is still carried out using young animals, despite the recommendations by the Stroke Therapy Academic Industry Round and other stroke committees to use aged animals in preclinical studies in addition to using various stroke models [27] . Many human stroke survivors have small infarcts [7] , with the most common functional deficit following stroke being motor impairments of the contralateral upper limb with approximately 60 % of stroke patients having lasting deficits [16] . For these reasons, in the present study, we asked whether DV administration could also be neuroprotective and improve motor recovery in a focal photothrombosis motor cortex stroke model, in both young and aged mice. Fig. 2 Histological assessment after stroke in aged. Representative cresyl violetstained sections were generated 7 days post-stroke from vehicletreated aged stroke control (a, 1) and stroke+DV treatment starting from 3 h (a, 2), and 6 h (a, 3) after stroke. Daily IP administration of DV (2 mg/kg) resulted in a significant decrease in infarct volume when given from 3 h post-stroke. Tissue was collected and processed 7 days post-stroke to quantify lesion size as shown in panel b. A n=5 per group were used. +=P<0.05 compared with stroke+vehicle-treated controls
The photothrombosis model of stroke affords very little ischemic penumbra to neuroprotect and, in many ways, resembles traumatic brain injury more than stroke due to the larger than normal edema response [9] . Furthermore, Fig. 3 Behavioral recovery after stroke in young. Behavioral recovery in young animals following photothrombosis stroke was assessed on gridwalking (panels a and b) and cylinder/forelimb asymmetry (panel c) tasks. Analysis of forelimb (a) and hindlimb (b) foot faults revealed a significant increase in the number of foot faults compared with baseline measurements 1 week post-stroke. Daily IP administration of DV (2 mg/kg) resulted in a significant decrease in the number of forelimb footfaults made when DV was given from 3, 6, or 12 h post-stroke and a significant decrease in the number of hindlimb footfaults made when DV was administered 3 or 6 h post-stroke. Assessment of forelimb asymmetry using the cylinder task (c) showed that the mice had a greater tendency to spend more time on their left forepaw post-stroke when pressing against the cylinder wall as revealed by an increase in the left/right ratio after stroke. Daily IP administration of DV (2 mg/kg) resulted in a significant improvement in the use of the impaired right forelimb when DV was given from 3 or 6 h post-stroke. An n=7 per group were used for these studies. +=P<0.05, ++=P<0.01 compared with stroke+vehicle-treated controls Fig. 4 Behavioral recovery after stroke in aged. Behavioral recovery in aged animals following photothrombosis stroke was assessed on gridwalking (panels a and b) and cylinder/forelimb asymmetry (panel c) tasks. Analysis of forelimb (a) and hindlimb (b) footfaults revealed a significant increase in the number of foot faults compared with baseline measurements 1 week post-stroke. Daily IP administration of DV (2 mg/kg) resulted in a significant decrease in the number of forelimb and hindlimb footfaults made when DV was given 3 h post-stroke. Assessment of forelimb asymmetry using the cylinder task (c) showed that the mice had a greater tendency to spend more time on their left forepaw post-stroke when pressing against the cylinder wall as revealed by an increase in the left/right ratio after stroke. Daily IP administration of DV (2 mg/kg) resulted in a significant improvement in the use of the impaired right forelimb when DV was given 3 h post-stroke. An n=7 per group were used for these studies. +=P<0.05, ++=P<0.01 compared with stroke+vehicle-treated controls the permanent nature of this stroke model, with little local collateral flow, affords no conduit for administered DV to directly reach the stroke affected tissue, limiting its potential neuroprotective impact to this small ischemic penumbra. Importantly, the relative protection that was observed following treatment with DV in the current study was timedependent, inasmuch as, the sooner DV was administered, the more neuroprotection (and functionally beneficial) the DV treatment was. This time dependence is likely due to several important factors.
In the photothrombotic stroke model, the infarct volume rapidly evolves such that it has essentially reached its maximal volume by 24 h post stroke [6, 10] . However, others have reported that apoptosis is maximal between 1-3 days after the stroke with secondary apoptosis continuing for up to 4 weeks [6] . As it takes IP administered DV approximately 4 h to reach the stroked brain [19] , DV doses administered at 3, 6, 12, and 24 h post-stroke are effectively reaching the stroked brain at 7, 10, 16, and 28 h. Interestingly, the relative difference in therapeutic time window for DV to afford protection between young and aged mice (broader for younger mice) could suggest that the stroke infarct volume evolves more rapidly in aged mice, as has been suggested for various other stroke models in rats [25] .
Alternatively, increased BBB susceptibility with age and ischemic injury could also be playing a significant role in regulating therapeutic time windows [15, 20, 31] . Recent studies have shown that the aged brain is more susceptible to ischemic injury, with aged suffering larger strokes, having reduced functional recovery with a twofold increase in BBB disruption that precedes cell death [15] . This is likely to alter the time frame for which DV is likely to reach the brain and have any protective effects, an area of active investigation in our laboratories. Nevertheless, this work is the first to demonstrate that DV is effective in aged stroked animals, thereby further supporting its potential therapeutic benefit in ischemic stroke. mice treated with vehicle or DV starting from 3, 6, 12, or 24 h post-stroke. All peri-infarct GFAP measures were normalized to contralateral GFAP levels to standardize the levels across all groups. For young (panel c), we saw a significant increase in the level of GFAP expression in DV groups treated at either 3 or 6 h post-stroke. In mice treated at either 12 or 24 h post-stroke, GFAP measures were the same as vehicle-treated controls. In aged mice (panel d), there was an increase in the level of GFAP expression in both the 3 and 6 h groups, however, only the 3 h group showed any significant difference compared with vehicle-treated age-matched control. A n=5 per group was used for these studies. +=P< 0.05, ++=P<0.01 compared with stroke + vehicle-treated controls. The white boxes in panels a and b represent the region where fluorescent intensity measures were taken. Scale bar in panel b, 2 is equal to 1 mm
The formation of the glial scar/astrogliosis plays an essential role after stroke. While it can acutely serve to confine the stroke and limit the spread of cellular damage into the penumbra and or regions of healthy tissue acutely, it can also chronically impede recovery by serving as a physical barrier to neurorepair [26] . We have previously documented that DV treatment can enhance acute (3 days post-stroke) periinfarct astrogliosis after transient MCAo in young mice through an elevation in GFAP expression, while decreasing it and the chondroitin sulfate proteoglycan glial scar components neurocan and phosphacan chronically (14 days poststroke) [1] . Consistent with these findings, we also saw an elevation in peri-infarct GFAP expression in DV-treated animals 7 days after photothrombosis in young and old animals. However, this elevation only occurred in groups where we also saw significant protection and improvement in functional recovery. Future longer-term studies (14-21-days after photothrombosis) will determine whether DV treatment also suppresses chronic astrogliosis, as suggested by our previous work.
DV appears to be acting on post-stroke astrogliosis like a double-edged sword; that is by increasing astrogliosis acutely but suppressing astrogliosis chronically. While the mechanisms underlying this dual function of DV in astrogliosis after stroke remain to be determined, our previous work suggests that it could be due, at least in part, to DV's variable interactions with three distinct receptors on astrocytes, the alpha2beta1 integrin, the alpha5beta1 integrin, and alphadystroglycan [1] . Indeed, DV had multiple effects on astrocytes in vitro, depending on which receptor DV interacted with. Specifically, DV interaction with alpha5beta1 integrin or alpha-dystroglycan increased astrocyte migration in vitro, while interaction with alpha2beta1 integrin decreased it [1] . The stimulating effects of DV on alpha5beta1 integrin (and subsequent release of pro-angiogenic VEGF from brain endothelial cells) also is responsible for DV's increase in poststroke angiogenesis as we have previously reported [19] . This is also consistent with recent publications showing that chronic cerebral hypoxia can induce angiogenic remodeling of vessels through the switch in beta1 integrins from alpha6 to alpha5 [5] . Perlecan and DV may contribute to this switch as perlecan increases alpha5beta1 integrin expression on brain endothelial cells significantly more than other extracellular matrix components (e.g., collagen I, collagen IV, and fibronectin), and DV has a similar effect after transient MCAo [19, 23] . In addition, we have previously shown that the DV-induced increase in post-stroke angiogenesis could be inhibited following administration of the alpha5beta1 integrin function-blocking antibody [19] . Therefore, it is intriguing to speculate that DV's varying acute and chronic effects on astrogliosis after stroke could be due to varying astrocyte receptor expression at different time points after stroke. This is an ongoing area of investigation in our lab.
Summary/Conclusions
In this study, we have demonstrated that perlecan DV is neuroprotective and functionally beneficial in a permanent stroke model in both young and aged mice. This result lends further support to the potential therapeutic benefit of DV in ischemic stroke. Of important note, however, is the potential shift in the therapeutic time window to being shorter in aged compared with young.
